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INTRO DUCTION,.

a0 ject Numbar 1C of ths Soil Eroveion Serviso aslled "Navajo

Projest” covors the Navsjo Reserwation locatsd in morthenstern .rizona,
northwestern Nev Maxico end soutiern Utah. The land is entirely Fed-

aerslly oontiollad end the Projest is not concerned with tho usual leand

osnership problems, Oa the other hond it is concerned uith msny uni-
que problems which erise from deeling with a primitive nu%ion vhoos
languege, customs and hsbita of thnnght. are 4ifferont from our own,
The purposs 9f thias paper is to discuss ihoese problems,

enpecislly in yelation to the vork of the Enginearing Division. For o
parfect undarotending of the work mvol.vgd it will first be necessary
¥ give & brief desaription of the region undor treatment, thus ine
dicating in genora) the prodlexn and its solution. The msin discussion
231) cover those saginssring phamen involved in the present work cn

our s0 o=lled "lemonstretion Areas,”

DESCRITTION OF ARfNA.

GIHERAL .

The Navajo Reservution comprissz syproaimately 17,000,000
ascres of land, bounded oz the nouth by the Little Colorado aud Iuereo
Rivers, on the wect by the Little Colorado and Colorsdo Rivers, on the
mrih by the Sen Juan River and ¢n the ocaat by the 108th maeridian,

The sversge slevation off this region 1a cloae %o 5,500 feet
verying from 2,800 feet to 10,400 feat.

The snnual precipitation wuries from over 15 inches to lass
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then 8 inchas with a prabadble average of 9 {ia10hes, The ascsons)l dis-

: tribution is poor with 40% oocuring during the montha of July, <ugust
‘ , ‘and Beptembsr and less then 124 of the totel during april, Msy snd Juns,

) | The etorms, in the mORMtlsof greatess rainfsll, sre of the thunder skower

| type with duration usually of less them sn hour,

A provailing wind from the southweat plays sn important role

in changing the land oonditions over the Reserwtion. _
‘'wo typyes of eoil are t0 be found on the Rumatton'. nomely,

(o residusl snd trarsported. The latter iype predoainates beawmuse of the
nature of he presipitation, scsnt vegetation snd strong prewiling
winds.

( © YEOETATIVE coMDITIONS.
The scasdnal distribtution of precipitstiom, the temperature,

and type eoil all talld towaxds & vegstatiom which is adeptadle to renge
use Or leads to the raising of livostook as the primcipsl imdustry.

Whlle grazing under proper control ia not nscessssrily harmful to the
vegatative oover, yst under ths conditiona as found todsy snd probadly

SR e e

provalend since 1800, the renge 1z greatly overstocked., Exvessive and

RN, T-L g

umeontrolled gresing have resulted ic severe vegetation deplation.

'  As the period of lesst rsinfall fram ipril to June is also
‘the growing sosson for most orops it is appereat that produciive agri-
o . . culture is quite & problam, Proper farming under flood irrigation ape
pears %0 be the type moat llkely ¢o succesd 4n sny large acal.a over the
Hesarvetion.

¥ot ovar 5% of the land in tho Neservation 1a covered with saw
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tinber speoiea, Poesidly 208 of s sres is covared vith pinon and

Suiper but dua o overgrezing, reproduction is lmcking over possibiy
90£ of this crea. ‘

EROSION COMDITIONS, |
Exoept fov the timbered arons 1# the higher slititudes and maall

protectad _traoti, erosion is generally evident in some foxm over the en~
tire Reservetion, .mu shest ervaion ia presant, yat due to its advanse
o ptage "Gully eronion” ss indicated by thousands of miles of arroyos,
reaging from 10 t0 100 fost dsep, assumes major aignificenco. Chsnnel
beds in xeny seotions are rapidly outting dsepar, and presant intermite
st gulliss scon promise 40 form one continuous arroyo unless controlled.
In otlis» sections the bed of the atreem is stsblisned but brosd wvelleys
are bdeing threatensd thmmh_lnarai susting. Soil awept amay is being
spreed over potentisl farm leadas ov doposited in ressrvoirs along the
rivers,

¥ind erusion 1s sleo quits general and meny slopes heve been
owept clear of nll their soil cover, louving bere the yoots of shrubs snd
traes, This sams Dlow sand is burying other vegetation and the asnd
dunes ars constontly on the move.

.8 indficated 3he main ceuss of erosion throughout this region
is the destrucstion of the vegetativs cover by overgrezing. Highweys,
wagon roads, astock traile end improper cultivation are slso contributing
faotors,

It must be understood that the term "erosion” as uned herein
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xoans sn ¥cselerated prucess dus %o human acdion, rathor than the graduel
carving of the landsonps brought about by geologlo end climatic influe

THX PROBLEM AWD ITS SOLUTION.

rom ths sbove desoription 1% nay de mﬁoﬂ that tho eqndxuon
of the land in tho Roverwmtion is very serious. The Nevajo tride is
inoresaing end todsy approximaiely 46,000 are sttmmpting to exist on
4his land with livestook ag the main industry. As it is impossidls to
considar moving the Indiens to nem lands, the problem facing the Soil
frosicn Service is mainly the prosaction snd preservation of the ramaine
ing waluadle land. _

' Proper land use methods in order %o protect snd incresse in
denalsy the v-ytau'wa covey sppss> 10 ba the only logieel aolution,
This statment would £irst secn % place the work in the hands of the
range sxminers snd forestera rather then in thoss of the engineers,
xsept ae roade and trails gause erosion; but the germ "vegetotive
loom" fs in n-uw'n{' cginearing term as its purposs is to proteot
the undarlying soll from the notion of the alements in mugch the same
menner as on uain«r uses the osphalt covering to protect the road ded
from ths exosive sotion of the wheels of traffic, It is quite true thst
possibly forty or {if%y yeers ogo the solution of the prodlem would have
oonaom@ only the remge examiners and foresters but todny with erosion |
in an adwenoed astsge those Divisions z)iunt nogesssrily call to their afd
the engineera, soil experts und agronomists.
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As ell phases of exrosion control are involved in the splusion

of the prodlem wach Division hos $ta speciel work. Propexr renge coatral

with the number of livestock reducad to the estimated cerrying cspacity is

the objaative of the Nange Memugament Division. This ssme congrol will
pormid raproduction in the timbered aress, The sgronomist is intarested

-1n the reasceding of certsin aress, and proper farming mathods in order
%o increass the yleld from sgricultiral lsud cmd to protecs tho same from

exrosion. The soil expart indicstes tho proper lspnd use for the various
tyves of soil,

o~

The engineer must have & genersl understesnding of all the :;bove

phases in order to Detter coxrelate tham with whatever enginsering work

is required to round out the progrem. For exsmple it would be ussleas

%o attampt the dullding of a nusber of strugtures o heaten revegeatstion
; : . of the land unless i3 is possidble to assurs proper gresing coantrol %o

? protect thus vegetation. It would aleo be ussless to bulld otructures

3 | in sn ares where the soll 18 not suiteble either for their construction
3 { or for rewegolation, |

' deby of the engineering phasss involvad, such ss map ocmpilae
tion and detalled murveys to supplenant serisl maps, sre similsr to those
ouncountered on other projects end the astempt hasbeen masde 0 hold the
dlsousalon to those common more or lase to this one Project. The inin

Q portion of tha present cnginecring work is confinsd to certain gelected

:' arsas shore mothods of ertificial control are being demonstrated Ao the
Nowajos end 1% might be said to the ongineera as well. ‘Some of the
prodlems which arise are ronlly perplexing as will be not’oq.l‘ator.

UNM 4792
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DEMOMSTRATION ARKAS,

The need, purposs ond results obtuined from engineering atrua-
turer, rengs eonszol, and proper foming mathods suss sll be clesrly.
dmonetratad to ‘th- Kava jos before they nmay Do expected +0 mccapt the
£ine) plans as applied to their 17,000,000 uores of land,

Thia demonstrotion may best be accoxplished through catablish-
ing a aumber of aslected areas, vell distributed gvar the Reservation,

upon which all phases of proper isnd use may be preaticed, 2t the present

ting there ere approximatsly ten of themse arees, verying in aize from
@ight sguare miles to 47 square miles, under treaiment. The majerity of
thess are of the genarel demcastration typo but ons or two may be torzed
"Gooparstive Arens” where those Hevajos receiving direot benefita are
axpeoted €0 contridute, without pay, to the work.

P R s

Each of theze aress 1o covered with en agreement wharedby thes

PRORRETY

inhabitents permid the erea to be fenced and placed under the control
of the Soil Zrosion Service for the period of the sgremsent. This al-
lows reguletion of grasing amd faming methods.

Before dizduscing in datall the engineering work iavolved on
the arsm it 1n des to illustrase the genersl conditions by & desorip-
tion of a typioal arvas sestion. This would show a fulrly fist alope
st tho dividg, s steep slope from the hireak %0 the v;uay floor, and a

slight fail fram hers to the mein sxoyo. ‘The area st the divide snd
tho velley floor at one time contribuled the best renge lend on the
Rezervation but are now sut up dbadly by gullice rzngoring out from the

main erroyo., The stecrflope often cousists of roak, uopt barc by the
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forces of wind and weter, The main drsinege often consists of htor-

mitten$ gulllies whiol promine to form oas contimious arroyo unless
contmlled, . ' '

EROIUERRIRG PHASES OF WORE OX THR AREAS,

The enginser 1o by training equipped to supervise enginsering
construction und with even a limited knowledge of sgronoay, forestay
end e0ils, ho i» the logieal man to plade in supsrvision of these areaa.

As swd he 13 oalled "Projess Inginser” and may bave chsrge of one, two
or three arsss. Under him end in direct supexrvision of ench ares is a
Pro jeot Manager who has somplete charge of construotion and ss s mle
is the only whitc mon om the joh, ths others all Being Indisna,

The saginesr is L£iret concerned with & map of the demonatra-~
tion area., The satire Reservation hao besn sovered with an aerial survey
snd if wes hoped that through the use of thia snd mwall gapplemental
surveys s suitable map gould be prepared of the individusl aress. Thers
has been a delay, however, in sequring the mopsiss covering moet of the
demonstration oreas and 1% has besn necessary to procosd in meny instendes
without naps other than reccanaisssnces, In the future, however, a map

3 will be prepared shich indiaates main dminagés, cultural featuren
; o and well deafined ridges and dreaks of slopes. A contour map is xade

caly where required for o speoial strusture layout.
The sngines? in charge of ths area ia expected to correlate

the yiana ond recommsndations of each Division with thoge of Ingincering
into one “Area Yorking Plen.” The area ia divided into aub-arees, esch
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oonsisting of ons or mcre aomplete dreinages and tha dorking Plan deal.l
¥ith then sz wni te, | ‘

In the enginesring treatmant of the srezs thers is a denger,
in this country at leass, of mislonding the Indiuns &8 to the ulm of
proper venge control end farming methods Dy 400 grest a conceutrution
of atruaturos, Ffor this reason only those sites sro aaléc‘cnd at which
1% eppasrs tho$ the moximus axount of good may be accomplished,

S4nos the propar sequence of all orosion ecatrol work should
be from the upper limits of the watsrahed dowmn the dreinage, therefore,
any work scoomplished on the gentle slopos at the divide really serves
the dual purposs of aiding the retumn of vaegstation in the secoction ocon~
gerned as vwell as protecting the lend below from water sund silt. The
nature of the required trosntmmt 1s that which will detain or spresd
the flow of weter. This 14 acoomplishied by s amber of impervious
dikes or oonw furrows woll diatributed over the crea, giving the
appesranss of several smell ressrvoirs. As the slopo steepens{up tq
O or 0%) theme impervious Jiies sro replecced with weepers or spresders,
on tho comtcur, the purpose of whiak is to retsrd the runcff by esuaing
e alow even spill or seepage, and Shus doing away with the demger of
corentration, Aoross the gullies in vll omsee L:yervicus diversion
duas should be huils,

™e oarsh dike or dam is ususlly the gsoat- sgonomd sal but in
osrtain sestions of ths country sith » low -ratc of preoipitation caroe
ful considerstion ahould be given to the disturbing of s vegetative
cover which is difficult to replsad, Low brumsh or rock dikes also

_ o
make idesl dotention or spreading worke., An esonomical dike for




e

teaparary purposss 1o the one coustrusted of burlep secks £illed with
soil, The woven wire fomos bscked with brush or burlsp has besn used
%W detsin and spread the wator mith great success,

is & Mule, the steey slopes are lefd untrsated as nore hamm
may result then good. An wraeption is made in the cnes of sative gul-

lies uhoro 8 fau low check damn may control further cutting,

The vallay fioor in this country presents many major probloms

to the Inginesring Division ea 44 ia here that the agronamist ond range

man need sid, | 2t the present iizs practioslly all bensfits froa the

precipitation are loat, os the runoff is rapidly eerried avey through
8 oystaa of gullies snd artificlsl control is required in order to take
the vatexr ous of the arroyos and spread it slowly rver the lsnd. Thie
requircp diversion dma, dikes and spreadera. The type of dam deplm/ll

mainly on the weterahed sdbove, us with a szell runoff the entire emount

may be diverted but with a lazgowr runoff e centsr mpill type of dom is

nosded with a divorsion of only a portion of the flow. The matarials

of conmtruction dapend on the ure of the structure &2 well as avails

gbility of aateriel. Esxrth, rook, brush, conorete or masonry, wire and

rock or brush, dmber snd sscke, trented or unireated, filled with esrth
or gemsnt indiecste meny of tho ocoxsxn types of dams,

The engineer ia inolined to ovoxlook the importanne of the
drainege v above a strusturs espsoislly if is happenn to bo a aall
dem, He 15 alao likely %0 uas the preseant gully and high water marks
as & guide withod realizing that &% tines the bankn have bean overtopped.
The mothods of correst dasign aen only teke into scocunt the area 07 ¢

watershied ond 1ts nature. In thoss seotions of the country vhers tha

NNO006612
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rolation of runcff, precipitstion, slope snd vegetotion has been de~
Sormined this is un easy matter but this region is wnfortunate in not
having: at presant any such relaotion and until 4% is determined come
Bon saase slone miiat de the gulde in design of strusturss. Other pro-
sautions whioh must be jaken in the design of those dsxme, espeoislly
those of esrth, wrere puddling is prohibitive, are core wslls, deep
outoffa snd sloping cf the danks preliminary to construcsion.

Atm diversion from the gully the water must be lpi-oad
over &6 lorge e ares as possibls iu order to delay its return to the
chexmel and hesten the ravegetation of the lend through irrigation, The
m:mdw stmotures sre dullt either on the contour or a s8light grade
dopending on their $ype or smouns of rumoff, The impervious d_tka is
used to cerry tho weter away from the banks where it may be spread
by meens of low rook or brush dikes, iow woven wirs fonces becked uwith
burlap or brush o1 low sack dikes with suall opsnings for seepage.
Thego spreaders should be staggsred nud spaced so thut the sster has no
chamee 0 bodesa consentrated andy therefore, cmuss gullies,

Tho pointe of divernion chould be garofully ssloated remenber-
ing ﬁmt 8ilh s wel) as ®ater will be spread ond in order to aid re-
vegatation this dopth of ail% nus$ not be excoosive.

inother» problem confronting the snginser and perhaps tha
jarsmount omno in this ocountry is that of controlling aotive hosd and
lstorul erosion. 1% is ltopelens S0 axpest vegatation, aven undexr per-
feat grasing control, t0 koep puce with this ercasion uatil it has hed .
8 chanos to attain ite growth end thus the engineor smust rovide some
zsans of artificisl control,
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Tho type control depends on meny factors such es dreinage

ars, moil, Vegetstion aud topogrophy but in genersl may e divided
iato three qlasses, dlveraion, sentrally b\nit drop structures oy slop-
ing of benks,

In this country the dest method, where it asn be used, las
bem e dlversion of the runcff by mesas Of an impervious dike Juss

, Lo warer
ebove the point 0f sative erosion and the spreading of 4t befors it

returns 0 the arroyo. By diverting the flow, the arroyo hoa s shance
t0 hea) and revegetate and through spresding, revegetation is hastened.

This sethod, however, is only possible whers the yuncff is not exves-
] sive and the velley broad enough for spreading, Small locel drsinages
2 are often responsible for lateral erosion and 1% bas besn fowd pos-

sibla to stop the same Ly plecing s low leve) dike on the bank of the
arroyc which provides s slow oven spill and does away with eny condcen~

trasion,
#here the tGpography does not permit spreading or tho runoff
s is t00 yreat ‘th.on the wator must bo dropped into the aréoyo through one
cantral struature and thus alleviste further head erosion., Deponding

T on the permmunency roqt;ired thase atruotures may be built of concrete,
nasonry, ssoks filled with cemans snd sand, wire end rock, asphslé
amuleion and mata, timber, wire end bruah, and brumh.

Ixperizents are being made on those areas to determine the
actual wvalus of ertificisl sloping of the benks of an arroyo, followed
by revegetation, in this country with s poor ssssonsl distribution of
rainfoll, Verious slopes as well as different types of ,.fvgnguon and
methods of plenting will be compared with untreated -lopléa in idJaeoit .
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erroyos in order to detoraine the value of the treataens.

The trasts ol land, seleated by thoyam Division for
dwmonatration of propor famming under flood irrigetion, ere in goneral
located in tho vellsy floor. The design snd gonstruotion of the neces-
sary training dikes, exmergency spillways and divorsion dems sre the
comtern of the Mngineering Division.

The xain arrcyo offers a mr&é&ff problem to the engineer
and ho should carefully study its charecteristios bafore attempting
its treatuent, As & ruls this treatment should not be undertaken
unsil ell dr-uusu sbove have been placed under control. The arroyus
may be divided into txo olamsses, thoss vhich are continuing to out
Sesper and those which are stabilized ss to bed hut cutting latersily.

In the firat cluasn low check dams are neceacary to stop fure
thor custing ond to provids silt beds for planting. These cross siruse
fures munt be oarefully designed to take the total discherge of the
chanael.

In the latter class trees and ahrube ore planted along the
f00% of the benk to control side cutting and these suat bs protestsd by
artificial owons untll they obtain their growth, 'The required struse
tures ooﬁaut of Jetties, dikes and fences.

#ith few sxueptions 1% mey Lo noted that all structures nen-
tioned in thise discussion may Ls classod as temporary, in that they
are to aot only until suoch a ¢$ine as wegstation repledea thea., The
Agrovouy Division hes cherge of the ssoding of struotures -i;ich will

act as ceatsrs for future vegetaiive spread. roe

~

The matter of rocords is very importsnt in order that relative
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oosts of different sub-areas or units may be compared and rcmﬁ »ote
o4, Theso sus reocords slso indicate the ocost of a few typicel atrua-

B ot B M

tures for future satimating, .
| - ‘The pliotegrsph gives an idssl rscord and, therefors, atetions
1 have besn established ovsr all arees from which the views asy be tekem

st aortaln ;xmmn of tine, Those stalions are narked im the field
and locetad on the mapa.

MISCELLARTOND ERGINRMING PHASES,

The condentration of runcf{f osussd by highweya, wagon xgads

: , and stock 4rails, duc to overgraaing, has resulted in duch of the aero-

' _ sion es found on the Reservasion. The treatment of existing roads,
used and disserded, os nell 5. ef future rveds, ie necesssry and pert .
of the onginesr’s problem, This trestment in geaersl conasists of proper
drainsge and spreading of water 20 as to atop undue oongentrasion. Pole

1oies governing this phase are being drawn up and will be given to all
road duilding agencies om the Roservation,

inother phaso is thnt of enginoering treining. The rsngs exe
miner, s0il expert, and sgronomioct each Lave trainess working with them

and on the oroas the enginser snd menager are troining lesdera ond fore-

men. The Engimaering rivision has latoly undortsken the instruation
of a amll group of Hamjos in engineering, such as surveys, map mak-

' ing end iayout of erosion control atructures, _
' The verious enginsering phesss just discussed will be sp-
| plied to tho Reservstion as s shole vhen £insl treatment plens nre

undertsken. This will be agftsr the ompletioh of the grﬁzing end soil

UNM 4300
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CONCLUDZOH,

. 7n comolusion s Sew Of tho zather pexplaxing questions which
‘Toquire uaowering on this Projest are stated im the hope thst a dis- |

cusaion of the seme may be atortied,

" 1. Fhat is the moat logicsl method of estimating the eeo~
nontlcal sonsentretion of enginsoring struatures in renge oountry?

2. 7o what degree ahould the use of large mechinery be pexe
mitted on enginvering work on the Reservotion?

3, To wvhat extent should the need foy employment effecd

’

“mlcex aroasion sontrol work?
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